Population transfer in quantum systems has always been an interesting area in physics since the introduction of quantum mechanics. In this paper, transition probabilities for a coupled system consisting of four two-level particles are studied by solving Landau -Zener Hamiltonian. The effects of the first and second nearest neighbors' interactions are investigated. Presented results indicate that the second nearest neighbors' interactions will decrease the transition probability when the coupling strength for each neighborhood has the same sign. The fast sweep effect on transition probability is also studied here.
II. Theory
Transition probabilities for a two-level system with four particles are calculated by solving Schrodinger's equation. The Hamiltonian is calculated by the summation of free particles
Hamiltonian in a four-particle system and interaction Hamiltonians.
The free four particles Hamiltonian is simply given from single-particle LZ Hamiltonian [37, 38]:
where αt is the magnetic field's energy, while α has a linear relation with the magnetic field and g is the tunneling energy between states when the system is in its initial condition at t = -∞.
In this paper, the interactions between two neighbors are represented by two separate
Hamiltonians to illustrate the interactions between nearest and second closest neighborhoods.
Therefore, the total Hamiltonian is represented as: H = Hint,fnn + Hint,snn + HFPLZ.
HFPLZ is the four-particle LZ Hamiltonian. Hint,fnn and Hint,snn are the first and second nearest neighbors Hamiltonians are as follows [39] . int,   1  2 2  2 2  2 2  2 2  2 2  2 2  2 2  2 2 H   J  I  I  I  I  I  I  I 
in which J is coupling strength between particles, I is the unit matrix, σz is z component of Pauli matrix [40, 41] . Fig. 1 illustrates the idea of first and second nearest neighbors in a four-particle system, where particle 1 is in the first neighborhood with particles 2 and 3, while particle 4 is considered as its second neighbor. The values and ratio of J1 and J2 are different for various materials, although the interactions between second neighbors are usually smaller than the interactions between first neighbors [42] .
The calculations are done with dimensionless parameters. The capped parameters are defined as dimensionless parameters, where 
III. Result and discussion
where E.S(t) represents the magnitude of probability for Excited States (E.S) as a function of normalized time and T is the total time. . Based on the results that was presented in figure 2 and 3 , FTPE values will be smaller for higher values of . This figure illustrated that for positive coupling strengths the transition is complete but for negative coupling strengths, FTPE is about 0.6. Furthermore, the magnetic field's energy rate does not change the FTPE effectively in the studied range. The results for this system are comparable to the case that a three-particle system was studied before [45] and it could be concluded that the effect of the number of particles on FTPE in few-body systems in absence of long-range interaction is not significant.
The effects of the next nearest neighbor are investigated in Fig. 5 . Three diagrams are presented in Figure 5 , in which each one has four regions. In this figure, FTPE is studied, assuming the system is changing between ferromagnetic and antiferromagnetic behavior (change in the sign of first neighborhoods' coupling strength values). In this figure, the transition probability value is maximum, while both coupling strength values are positive. On the other hand, when both coupling strength values are negative, the transition probability is at its smallest value. In regions that coupling strength values have opposite signs, a phase transition could be observed. In these cases, a mixed state is observed. These mixed states tend to change complete transition while the diagrams are shifting to the regions that both coupling strength values have similar signs. These regions with complete transitions shrink as the value of increases.
IV. Conclusion
In this paper, transition probabilities for a four-particle two-level system are studied by calculating Final Transition Probabilities of Exited states (FTPE) in different ranges of .
Initially, second neighbors' interactions are neglected. The result was close to the case in which FTPE was calculated in a three-particle system. There is only a little difference in FTPE for negative values of coupling strength. This might be occurred because of the low ratios of the second neighbors' interaction parameter. periodic boundary condition in a four particle two-level particle system, particles, 2 and 3 are closest neighbors with respect to particle 1, where particle 4 (on the diameter) is in the second closet neighborhood from particle 1 (connected to particle 1 through the dotted line). 
